Abstract Following the establishment of American mink farms outside North America, the species has successfully invaded Europe and South America, and in some places, their presence demonstrably threatens native biodiversity. We surveyed for mink signs along the Andean Patagonian forest in Argentina from 38°52′ S to 54°52′ S, revealing that their range has now expanded to span 800 km of contiguous occupation on the continent including several types of wetlands and has also colonised Tierra del Fuego Island. Rate of expansion was estimated using two methodologies and varied between 5.53 and 9.00 km/year (linear method, largescale spread) and 4.86 km/year (within a more restricted area, grid method). Diet throughout the region fitted the generalist pattern described for mink elsewhere. Native small mammals were the most frequently consumed category. Crustaceans (patchily distributed in the region) occurred in the diet in proportion to their availability (r s =0.961, p<0.001), but that of waterfowl did not (r s =0.178, p=0.713). Diet was evaluated at one lake throughout a year, revealing that consumption of crustaceans fell in the cold months when bird abundance increased. Based on published work on the impact of American mink as an introduced species in Patagonia and elsewhere, together with our own survey, we discuss the implications of this invasion for biodiversity conservation in Argentinean Patagonia and the associated dilemmas for management policy.
Provinces (Pagnoni et al. 1986; Lizarralde and Escobar 2000; Jaksik et al. 2002; Fig. 1b) and some operated until the late 1970s. By the 1960s, feral populations were detected, as a consequence of escapes and releases from farms, (Foerster 1973; Chehébar et al. 1986; Massoia and Chebez 1993) . A similar situation developed in Chile, following the closure of fur farms (Medina 1997; Jaksik et al. 2002) . Once this range expansion became evident in Patagonia by the 1980s and 1990s, interest began to mount in the invasive status of American mink in Chile and Argentina (Jaksik et al. 2002; Anderson et al. 2006; Novillo and Ojeda 2008) . Ecological studies also emerged, focused on (a) mink diet and habitat associations (Previtali et al. 1998) , (b) mink ecology in the context of intra-guild interactions (Chehébar et al. 1986; Medina 1997; Aued et al. 2003; Delibes et al. 2003; Fasola et al. 2009 ) and (c) more recently studies on mink diet in relation to native and exotic prey (Ibarra et al. 2009; Schüttler et al. 2008) , waterfowl vulnerability to mink predation (Schüttler et al. 2009 ) and waterfowl abundance fluctuations in relation to mink invading process (Peris et al. 2009 ). However, these studies were focused on restricted areas or areas of special interest (e.g. National Parks), and therefore, they have not provided a systematic overview of mink distribution and feeding habits across Patagonia. This is important since mink can have negative effects on native prey (birds : Craik 1997; Ferreras and Macdonald 1999; Clode and Macdonald 2002; Nordström et al. 2003 small mammals: Barreto et al. 1998; Banks et al. 2008) or competitors (Maran et al. 1998; Sidorovich et al. 1999; Sidorovich and Polozov 2002) which may require management.
We conducted a large-scale survey of American mink distribution along the Andean Patagonian forest in Argentina. Based on previous literature and the present survey, we estimated rates of expansion for the species from two sources. We analysed mink diet across the study area, comparing freshwater habitats both within a locality and between seasons during a year and also between stages of colonisation.
Methods

Study area
The study area encompassed river basins or watersheds from latitude 38°52′ S to 54°52′ S, along the Andean Patagonian forest in Argentina. The climate is cold temperate and humid; precipitation (ranging from 3,000 to 600 mm) occurs mainly between June and September (cold months), often as snow (Cabrera 1971) . The predominant habitat type is temperate forest, dominated by Nothofagus trees, mainly 'ñire' (Nothofagus antarctica) and 'lenga' (Nothofagus pumilio) (Cabrera 1971) . Recent glaciations shaped the hydrology of the region (Tatur et al. 2002) forming ultra-oligotrophic freshwater systems, low in productivity and in fish density and diversity (Pascual et al. 2007 ). Freshwater macro-crustaceans have a patchy distribution among watersheds (present in Limay, Hua Hum, Senguer and Corcovado-Pico River watersheds; Cassini et al. 2009 ). Beyond the core study area to the east stretches a semi-desert (steppe: annual precipitation below 600 mm) characterized by shrubs, where lowland rivers are wider and slower flowing. In the Argentinean sector of Isla Grande de Tierra del Fuego, the main island of the Fuegian Archipelago (henceforth Tierra del Fuego), the forest occupies the southern half of the region and runs from west to east along the rocky coast of the Beagle channel. (Fig. 1a) . In total, we surveyed 447 sites, distributed over 68 lakes (n= 350 sites), 62 rivers (n=85 sites) and the coast (n=12 sites). Most freshwater systems surveyed were located within the forest, but the Chubut, Limay and Senguer Rivers (Fig. 1b) were in the steppe (n=19 sites). Six National Parks fall within these watersheds and were surveyed: Lanín NP, Nahuel Huapi NP, Lago Puelo NP, Los Alerces NP, Los Glaciares NP and Tierra del Fuego NP (Fig. 1a) .
At each site (transect), we searched for American mink signs (footprints/scats) while walking 600 m (Bonesi and Macdonald 2004a ) along riverbanks (one bank), lake shores or the coastline. Survey time at each transect ranged between 50 and 150 min. Transects were separated by 4 km or more in freshwater systems. Positive sites were those in which we found at least one scat or footprint. At each site, we recorded the presence/absence of crustacean remains. We also counted the number of individuals and species of waterfowl seen in a 10-min period at the end of each transect.
Expansion rate
Mink spread has been most thoroughly documented for northern continental Patagonia, where two main sources have been identified. Spread from these sources has now converged, and their relative dispersal before meeting is unknown. However, information is available on mink expansion northward and southward from the northern (NS) and southern (SS) sources, respectively (Fig. 2) . The NS corresponds to a group of three fur farms that were opened in the area, not simultaneously, between 1946 and 1971 (localities of Cholila and Futalaufquen Lake; Pagnoni et al. 1986 ) and is thought to be the origin of the mink population that invaded Nahuel Huapi National Park (Figs. 1a and 2 ). Documentation of this advance was recorded by Chehébar (1985) , Chehébar et al. (1986) and Chehébar and Porro (1998) . Additional information of mink spread in Nahuel Huapi National Park comes from the location of mink scat samples collected in 1988. We discarded information of expanding mink for Nahuel Huapi National Park after 1995, because a second current invasion from Chile (west) is thought to have entered the area after that time (Peris et al. 2009 Chehébar and Porro 1998; Fig. 2) . These data are sufficient to allow only coarse linear measurements of distance from the points of origin. For SS (southward flow), the distance (in longitude) between points is greater than 200 km, so we used the diagonal as the straight line showing mink advance. For spread from NS, all points fall within a fringe of 55 km; thus, all advance paths considered for calculations were straight lines joining the different latitudinal edges of mink advance.
There is only one previous estimate of the rate of the mink's range expansion in Argentinean Patagonia (Pagnoni et al. 1986 ); this assumed different expansion routes along rivers and dates of arrival at different points were obtained through postal questionnaires to local inhabitants. Estimates were 7.7 and 5.5 km/year along waterlines/rivers crossing steppe habitat and forest habitat, respectively.
Also for comparison with the literature, we used information on mink distribution in a more restricted area within Nahuel Huapi National Park (Chehébar 1985; Chehébar and Porro 1998) . To estimate the expansion rate as described in Ruiza b Fig. 1 ) in the vicinity of Nahuel Huapi National Park were surveyed monthly for scat collection.
During the 1980s, one of us (C. Chehébar) and other personnel of the National Parks Administration collected scat samples from the Limay watershed (Limay River and Nahuel Huapi Lake) and Futaleufú watershed (within Los Alerces National Park; Fig. 1 ). These data served as a baseline for comparison between different colonisation stages (1980s: earlier colonisation stage; 2000s: later colonisation stage) in two watersheds with different availability of prey (only the Limay watershed has freshwater crustaceans, Cassini et al. 2009 ).
Scat analysis
Scats were soaked in warm water to facilitate separation of prey remains. Undigested prey remains were sorted into four categories: birds (feathers, bone fragments), mammals (hair, teeth and bone fragments), crustaceans (exo-skeleton fragments) and fish (mainly vertebrae and scales). Mammalian teeth and the medullar and cuticle scale patterns of hair were compared to identification guides or animal collections (Chehébar and Martín 1989; Pearson 1995) to identify genera and species when possible. For freshwater fish species, vertebrae were used to discriminate between native genera (mainly Percichthys and Galaxias) and exotic salmonids (mainly Salmo trutta, Salvelinus fontinalis and Oncorhynchus mykiss). For marine fish species, we identified remains to genus following Gosztonyi and Kuba (1996) . For each scat, we recorded (a) items present and (b) their percentage in the scat total volume.
We used scat results grouped by watersheds to compute three different indices: the relative frequency of occurrence of prey items (RFO; Bonesi et al. 2004) , the percentage of occurrence of the dominant item (PDO; Schüttler et al. 2008) and mean percentage of scat volume (PV). RFO was calculated as the number of occurrences of a prey class divided by the total number of occurrences of all prey classes multiplied by 100. PDO was calculated as the number of occurrences of the dominant item, divided by the number of Fig. 2 Expansion directions (grey arrows) from original releasing points: mink farms indicated with filled squares and the name of the locality. Provinces names inside rectangles. SS southern source nearby the locality of Sarmiento, NS northern source between the locality of Cholila and Futalaufquen Lake nearby Los Alerces National Park (italics, grey shaded). From NS (t 0 ′) to a Fonk Lake (1983; t 1 ′), to b La Lipela (t 2 ′) and to c VillarinoFalkner lakes (1995; t 3 ′) within Nahuel Huapi National Park (italics, grey shaded). From SS (t 0 ) to c Jeinimeni River (2005; t 1 ) in Santa Cruz Province samples multiplied by 100. PV accounts for the mean volume of the item in scats grouped by watershed. Every index has benefits and disadvantages. RFO overestimates the representation of secondary items (e.g. some insects) but maintains those items that are highly digested (e.g. fish, molluscs). PDO solves the problem of secondary prey items but underestimates those items highly digested. PV seems to reflect better what is found in scats. We compared the relative behaviour of the three indexes through correlation analysis (Spearman's rank correlations, excluding ties).
For analysis, we grouped results to test variations in mink diet (a) among watersheds, (b) between habitats (lakes, rivers and coastal samples were excluded) with and without crustaceans (since the distribution of freshwater crustaceans is heterogeneous along the study region Cassini et al. 2009 ), (c) among seasons (for Moreno Lake: summer, autumn and winter) and (d) between an earlier colonisation stage (1980s) and the present colonisation situation (2005) for two watersheds (Limay and Futaleufú and Manso). We employed chi-squared tests to evaluate these variations and Fisher's exact test for count data when 20% or more of the expected frequencies were below 5 (Zar 1984) . Mammals, fish and birds were used for all the comparisons. Crustaceans were included only in comparisons when all data sets involved crustaceans. Reptiles and insects were excluded from analyses. The former group was removed due to low numbers across watersheds. Insects were excluded in order to avoid confusion with secondary prey, as some of the native Patagonian rodents that are prey to mink are insectivorous (Pearson 1995) .
To test the relationship between consumption and the proportion of transects where a prey type were sighted (crustaceans/waterfowls) amongst watersheds, we calculated Spearman's rank correlation coefficient. Statistical analyses were conducted in R version 2.9.1 (R Development Core Team 2009), and statistical significance was accepted at p< 0.05. Bonferroni correction to α was computed when multiple comparisons were conducted (α corrected=α/n°of comparisons).
Results
Distribution
Mink signs were present in ten of 11 watersheds surveyed: Limay, Hua Hum, Manso-Puelo, Futaleufú, Chubut, Corcovado-Pico, Senguer, Buenos Aires, Fagnano and the Atlantic watersheds of Tierra del Fuego but were not found in Santa Cruz watershed. Mink scats were also found along the coast of the Beagle Channel (Fig. 1b) . Of our survey, 386 of 447 sites were within the limits of the area found to be occupied by mink, and 188 (49%) of these sites were positive for mink signs. Scats were found in 165 sites, and within this group, footprints were also detected at seven sites. Footprints were found exclusively at 23 sites. All sites where footprints were detected had sand or mud as substrate.
Since . The presence of mink on the mainland was continuous from the southwest of Neuquén Province to the northwest of Santa Cruz (Fig. 1b) where they occupied most freshwater systems. In Tierra del Fuego, only the southern half of the Argentinean portion of the island was surveyed, where mink occurred in several types of aquatic systems (lakes, rivers and the coast).
Rate of expansion
Rate of expansion ('straight line estimation') southwards was 5.53 km/year (249 linear km in 45 years). Northwards expansion rates were 6.9 km/year (152 linear km in 22 years), 9 km/year (54 linear km in 6 years) and 6 km/year (42 linear km in 7 years; average 7.3 km/year). Spread involved crossing several watershed divides. For northward spread, the mink crossed above two divides (from Futaleufú watershed into Manso and finally crossed into Limay watershed) including crossings of several divides between different lake systems within main watersheds. Southward flow also involved crossing two watershed divides (from Senguer into Deseado and then into Buenos Aires watershed). Expansion rate in accordance to the Ruiz-Olmo et al. (1997) methodology for Nahuel Huapi National Park between 1983 and 1995 resulted in 4.86 km/year (Fig. 3) .
Diet
We analysed 390 scats in total. Mink diet in freshwater systems included mammals, crustaceans, fish and birds. Crustaceans were consumed in all watersheds where they occurred ). Along the coast, we found that mammals, fish and birds were preyed upon by mink, though there were few scats and therefore we excluded them from all the subsequent analyses.
The indices calculated for each watershed by prey item are shown in Table 1 . The correlations among the indices across watersheds were all positive and highly significant: RFO vs PDO r s =0.919, p<0.001, n=24; RFO vs PV r s = 0.957, p<0.001, n=27 and PDO vs PV r s =0.961, p<0.001, n=27 (we therefore used the RFO index to display the results).
Mammals were the most consumed dietary item in all watersheds but one, the Hua Hum watershed where crustaceans were the most consumed prey group. Bird and fish consumption levels were always lower than those of mammals in freshwater systems. Proportion of fish in scats was higher in the watersheds located to the south. Crustaceans' representation in diet was highly variable. On the coast, mammals and fish appeared to be eaten equally (Table 1) .
Native mammals were consumed more than introduced ones (Table 2) . Exotic fish were more consumed than native fish (Table 2 ). Incidental identification of bird remains included Georgian Teal (Anas georgica), Black-necked Swan (Cygnus melanoryphus) and Upland Goose (Chloephaga picta). Coastal scats contained remains of marine fish (mainly Patagonotothen sp.).
Consumption of prey types other than crustaceans (absent from some of the watersheds) did not differ across watersheds (χ 2 =18.23, p=0.196, d.f.=14; pooled data are displayed in Fig. 4a to show the general pattern). Diet was also similar between habitat types (between lakes and rivers within watersheds with crustaceans: χ 2 =0.57, p=0.903, d.f.=3; between lakes and rivers within watersheds without crustacean: χ 2 =0.03, p=0.985, d.f.=2). The frequency of occurrence of crustaceans in mink scats (grouped by watershed) was positively correlated with the proportion of transects (per watershed) in which crustacean remains were found (n=7, r s =0.961, p<0.001; Fig. 5a ). Neither the proportion of transects in each watershed where waterfowls were sighted nor the total number of waterfowls by the total number of transects were significantly correlated with the frequency of occurrence of birds in mink scats (n=7, r s =0.378, p=0.407 (Fig. 5b) Prey occurrence at Moreno Lake (in Nahuel Huapi Lake area, within Limay watershed) varied among seasons ( Fig. 4b ; summer-autumn-winter: Fisher's exact test: p=0.0091) due to differences among autumn and winter (Bonferroni corrected α 0.016; Fisher's exact test: summer-autumn, p=0.421; summer-winter, p=0.026 and autumn-winter: p=0.004; excluding fish due to low numbers). Consumption of crustaceans and birds varied the most: consumption of birds peaked during winter when the consumption of crustaceans was the lowest.
Discussion
Agreement of results with other studies
We found that American mink in Argentinean Patagonia are distributed continuously along water systems from Neuquén Province (between Paimún-Huechulafquen and Tromen lakes) . 1983: grey ovals show squares where mink presence was detected (Chehébar 1985) . 1995: grey dotted ovals indicate squares occupied in 1983 and dark grey ovals show colonised squares between 1983 and 1995 (Chehébar and Porro 1998) to the southern Province of Santa Cruz (Buenos AiresPueyrredón Lake; approximately 800 km north-south along the Andes) and that they are present in several locations of the southern half of the Argentinean portion of Tierra del Fuego (including freshwater systems and the Beagle Channel coast).
The mink's Northward spread has been faster than its spread to the south. The three estimates made here (ranging from 5.53 to 9 km/year) are comparable to the only two previous values available for the southern hemisphere, when Pagnoni et al. (1986) considered the spread of mink prior to 1986 in Chubut Province, Argentina. If these rates of expansion continue (average 7.3 km/year), the northern limit of Lanin National Park (80 km north to the front of mink expansion Fig. 1b) could be reached by 2016, with the consequence that the national park would then be completely colonised. Our data for the spread within Nahuel Huapi National Park fell within the range reported in Spain, where American mink are also invasive (TE: from 1.5 to 10; Ruiz-Olmo et al. 1997). Mammals, particularly cricetid native rodents, were the principal prey found in mink scats collected along the freshwater systems of western Patagonia. Other important prey categories were crustaceans (when available) and birds. In contrast to findings elsewhere (e.g. Erlinge 1969; Melquist et al. 1981, Table 3; Dunstone 1993; Bonesi et al. 2004) , fish consumption was low, possibly reflecting the low abundance and paucity of species of freshwater fish in Patagonia (Pascual et al. 2007 ). Diet in watersheds where crustaceans are available was similar to that previously reported for mink in freshwater systems of Patagonia (Medina 1997; Previtali et al. 1998 ; Table 3 ). However, our study extended beyond the crustaceans' distribution (see also the results of Ibarra et al. (2009) from Navarino Island, another area without crustaceans, but with which comparisons are confounded by the high availability of ground-nesting birds naïve to mammalian predators).
We found that coastal mink on Tierra del Fuego ate mammals and fish at similar frequencies, whereas Schüttler et al. (2008) reported that mink on the north coast of Navarino Island (south of the Beagle Channel), consumed prey in descending order from mammals, birds, fish and crustaceans (Table 3 ). These differences could fruitfully be explored by systematic study of larger samples, in relation to prey availability, on both sides of the Beagle Channel.
Most consumed mammals were native species while invasive murid rodents and lagomorphs were less represented in the diet. We suggest that this is largely explained by the habitat preferences of invasive species. Murid rodents in Patagonia are always associated with human habitations (Pearson, 1995) , and since this region is characterized by very low human densities, the low representation of invasive murid rodents in mink scats was expected. In the case of lagomorphs and specially hares which are more broadly distributed in Patagonia, they are abundant in almost all habitats excepting dense forest (Pearson, 1995) . The fact that a high proportion of our transects were in the forest therefore has bearing on the low representation of hares in the mink's diet. Additionally, hares do not build den holes as rabbits do, so they may be more difficult to catch for mink. The opposite result emerged for fish prey, where exotic fish species were disproportionately important in mink diet. Patagonian freshwater systems have low productivity and low fish density and diversity (Pascual et al., 2007) invasive salmonids can equal or exceed native fish abundance in these systems (Milano et al. 2006) , explaining their preponderance in mink diet.
Only one of the prey species identified in the mink's diet is classified as being of conservation concern: the small endemic opossum Dromiciops gliroides ('vulnerable' for Argentina (Díaz and Ojeda 2000) , 'near threatened' for IUCN (2009) and of 'special conservation interest' for Argentinean National Parks [Resolution N°180/94]). Although it is the most common small mammal in the arboreal strata in the area (Rodriguez-Cabal et al. 2007) , it was found in mink scats only once. This suggests that this opossum represents only an occasional prey item to mink.
The main difference in mink diet among watersheds lay in the high proportion of crustaceans consumed in the Limay and Hua Hum watersheds, where crustaceans are more abundant ). Across watersheds, the consumption of crustaceans was correlated with their availability. Variations in the relative consumption of prey other than crustaceans suggested several trends, but none was statistically significant. Within the Limay watershed, at Lake Moreno, seasonal variations were detected, with lower consumption of crustaceans in winter probably compensated by an increase in bird consumption. Studies of other Aegla spp. confirms that their exploratory activity is reduced in winter when the metabolism of these invertebrates is slowed (Oliveira et al. 2003) , perhaps reducing their availability to mink. Mink foraging strategies in response to prey availability merit further study, but at the scale of the watershed, our data provide no evidence for changes in mink diet at two stages of invasion separated by 20 years.
Invasive mink: conservation concern for Argentinean Patagonia?
The American mink is an introduced species in Patagonia, and on the basis of the species' impact on native species in Europe through either predation (Clode and Macdonald 2002; Craik 1997; Ferreras and Macdonald 1999) or competition , there is inevitably concern as to whether it is damagingly invasive in this region of the Southern Hemisphere. Several points are relevant.
First, 20% of all the occurrences in faeces were of bird remains (this figure rising above 30% in watersheds without crustaceans). This is higher than generally reported (USA: Melquist et al. 1981; Canada: Racey and Euler 1983; Estonia: Maran et al. 1998; Poland: Jêdrzejewska et al. 2001; England: Bonesi et al. 2004; Spain: Melero et al. 2008 ).
There are places where a negative effect of American mink on the breeding success of bird populations has been demonstrated (Craik 1997; Ferreras and Macdonald 1999 [with only 23% of waterfowl RFO in diet]; Clode and Macdonald 2002) . On Navarino Island, Schüttler et al. (2009) reported evidence of mink predation damaging the reproductive success of some solitary-nesting waterfowl species. In Argentina, Foerster (1973) reported decreasing trends for 15 waterfowl species and one mammal species, coypu (Myocastor coipu), in Los Alerces National Park in the vicinity of one of the original source populations of invading mink (NS, Fig. 2) . Also in Argentina, Peris et al. (2009) studied the relationship between waterfowl abundances in lakes of Lanín National Park and the presence of mink (at the edge of their distribution) and found it to be negative for 12 species. However, as they are correlational results, they must be treated with caution. So, although there are clearly grounds to be apprehensive about the impact of American mink on native biodiversity in Patagonia, evidence for negative impacts is sparse.
Second, crustaceans are the main prey for the native southern river otter Lontra provocax (Chehébar 1985; Aued et al. 2003) and are a key factor determining otter distribution in freshwater systems ). Moreover, Fasola et al. (2009) suggested that the coexistence of river otter and mink is facilitated by the abundance of crustaceans. However, whereas inter-specific competition is apparent within some mustelid guilds (Dayan and Simberloff 1994) and specifically American mink are inimical to European mink (Sidorovich et al. 1999) , the general finding is that otters displace mink (Bonesi and Macdonald 2004b; Bonesi et al. 2004) or may cause them to change their behaviour (Harrington et al. 2009b) . There is no evidence that American mink compete with southern river otters L. provocax, and against this background, it seems unlikely that they would. The intricacies of their inter-specific Third, our study reports current mink distribution throughout much of the forested portion of western Patagonia. One of the main sources of mink was in the centre of Chubut Province (Fig. 1) , from which mink may have expanded northeastwards along the Chico River to the Chubut River (Atlantic drainage). We confirmed the presence of mink in the upper Chubut River, but the eastern front of their spread has not been fully documented (lower Chubut River) and, from its mouth, along the Atlantic coast. At least eight species of sea birds breed on the Atlantic coast of Chubut Province (Yorio et al. 1998) , where some colonies are decreasing (e.g. Magellanic penguin Spheniscus magellanicus), due to commercial fisheries and oil spills (Schiavini et al. 2005) . The possible future expansion of mink towards the east in Patagonia surely merits precautionary vigilance.
In the same vein, we recorded mink signs in the southern part of Tierra del Fuego (in agreement with Lizarralde and Escobar 2000) , along the coast (Beagle Channel) that is permanent habitat and breeding grounds for seabird and waterfowl species (Schiavini and Yorio 1995; Raya Rey and Schiavini 2000) including the species described as vulnerable to mink predation in Schüttler et al. (2009) work along the northern coast of Navarino Island. The importance and possible susceptibility of these bird populations again raises precautionary anxiety about mink impact. The same anxiety concerns the likelihood of their colonisation of other islands of the Fuegian Archipelago currently free of terrestrial carnivores. Mink have already crossed the Beagle Channel from Tierra del Fuego to parts of the Cape Horn Biosphere Reserve, specifically Hoste Island (Anderson et al. 2006) and Navarino Island (Rozzi and Sherrifs 2003) , where their summer diet is heavily dependent on native birds (Schüttler et al. 2008; Ibarra et al. 2009 ).
Management issues
The impact of any invasive non-native species is likely to depend on its life history characteristics and those of its prey and competitors and also on the numbers and circumstances of its introduction. These characteristics and the resulting pattern of density dependence affecting the mortality of the prey are likely to differ between introduced species and within species under different circumstances (see Macdonald et al. 2007) . Therefore, in the absence of evidence for negative invasive effects of mink in Patagonia, it is difficult to form a robust opinion on the need for their control, or the scale at which it should be considered. At the least, experience with the damaging aspects of mink invasions in the Northern Hemisphere demands precautionary vigilance. On the other hand and in the absence of irrefutable evidence of damage to native biodiversity, killing mink in order to systematically eradicate them from Patagonia would be very challenging, extremely expensive and raises ethical issues. Our data provide the first comprehensive information of current mink distribution in Patagonia and provide a foundation for scientific consideration of the need for local or widespread mink control. That consideration can benefit from parallel research in Europe, for example, on modelling the control of mink ), experimental test of its efficacy (Harrington et al. 2009a ), aspects of scale and the factors associated with success elsewhere (Bonesi and Palazón 2007) . Case studies are also revealing: for example, Banks et al. (2008) reported the positive effect of mink removal for Finish island vertebrates' recovery. Inevitably, conservation interventions often have to be planned in the absence of complete information, requiring difficult judgments that can be assisted by risk analyses (Lodge and ShraderFrechette 2003) . Although science lays the foundations for such decisions, policy is ultimately based on judgment.
While we have provided comprehensive information on the spread of mink in Patagonia, data on the impact of these mink are inadequate to provide confidence in deciding upon the need for their control. We might be impressed by the absence of evidence of a serious damage on native species, but in the light of international experience, we are not sufficiently confident to assume that this constitutes evidence of absence of such damage.
Against this background, what information would improve the scientific evidence on which control policy for the region might be based? We suggest that priorities include (a) detailed study of the impact of mink and other predators on waterfowl and seabirds nesting on either side of the Beagle Channel, (b) systematic study of the impact of the arrival of mink at the front of their current spread in continental Patagonia (Neuquén and Santa Cruz provinces), (c) quantitative assessments of any effect of mink predation on particular prey populations (e.g. the macro-crustaceans that are the main energetic source for freshwater populations of southern river otters and also prey for American mink and introduced salmonids) and (d) regional surveys on the eastern edge of mink spread in Patagonia.
